
iv) Results 

Results 2018: Critical evaluation of operational/limiting factors affecting the 

balance of microorganisms in activated algae granules 

Objectives: Critical investigation of the previously identified phenomena in order to 

acquire new knowledge for developing an innovative wastewater treatment biotechnology 

based on the induced symbiotic system (microalgae-bacteria) for increasing efficiency 

and decreasing operating costs (compared to the conventional activated sludge system). 

Proposed activities and their implementation ensure, by appropriate research and 

experimental development activities, the necessary scientific foundation to further 

develop the granular activated algae technology 

 

 
 Activity 2.1. Evaluation of population’s diversity and dynamics in the activated algae 

granules in different conditions. 

Lab tests are envisioned to evaluate operational parameters’ influence on the 

equilibrium between microalgae and bacterial species within the granules. This will 

allow determining the optimum operational parameters and limiting factors of the 

process. Several key parameters will be varied while monitoring the population’s 

diversity and dynamics in the activated algae granules, including: Hydraulic Residence 

Times (HRT), biomass concentrations, pH, light intensity, light-dark sequence, 

additional CO2 input, mixing parameters: power/volume, stirrer type. Moreover, different 

types of inflows will be considered and tested to establish the versatility and suitability of 

the technology 

 
The aim was to determine the efficiency of using the granular system in sewage treatment 

processes in sequential operation. The granules were tested in low-loaded wastewater 

and obtained by diluting a wastewater source from the dairy industry. In the diluted 

effluent, NH4 +, Mg2 +, PO43- and Ca2 + salts were dosed resulting in an influence with 

the following characteristics: NH4 + (20.7-35 mg / L), NO3- (<0.1 mg / L) - (<0.1 mg / L), 

PO43- (20-41 mg / L), Mg2 + (23.8 ± 3.2 mg / L) and Ca2 + (25.5 ± 4.3 mg / L). 

The laboratory installation (Fig. 5) consists of: Biostat®Aplus bioreactor (Sartorius, 

Germany) (B) with foaming sensor (S), supply pump (P1), effluent exhaust pump to the 

foaming sensor, decanter (95 x 20 mm) (D), influent (Vi) and effluent (Ve) and an external 

light source (L) having a luminous flux of 3980 lm, light intensity at the exterior wall of the 

bioreactor being 215 μmol / m2 / s. The useful volume of the bioreactor was 1 L, 0.5 liter 

feed volume, reaction time - 24 h and biomass settling time - 3 min. The photoperiodicity 

was set for 15 hours of light: 9 hours of darkness for a period of 24 hours of treatment. 

The rate of homogeneity of the reaction medium varied between 160 rpm of 200 rpm. The 

purification process was carried out in the absence of mechanical aeration, the oxygen 

being supplied exclusively by the photosynthesis process carried out by photoautotrophic 

microalgae in the light phase. 



 

 

 
 

Laboratory installation for biological waste water treatment in sequential operational 

mode using microalgae-bacteria granules. 

 
The following physicochemical parameters were monitored during the experiments: pH and 
saturation in dissolved oxygen (%) of the reaction medium (O2%), determined continuously 
in automatic mode, using the Easy Ferm Plus K8 electrode (225 ) (Hamilton, Switzerland) 
and the OxyFerm FDA sensor (225) (Hamilton, Switzerland); Organic content, measured 
as chemical oxygen demand (CCOCr) (mg O2 / L) using SR ISO 6060-1996; the 
concentration of cations (NH4 +) and anions (NO2-, NO3-, PO43-) (mg / L) determined 
using the ion chromatograph (ICS 3000, DIONEX) based on SR EN ISO 14911-03 and SR 
EN ISO 10304 / 1-09; The total suspended material was determined gravimetrically 
according to STAS 6953-81. Total Kjeldahl nitrogen was determined according to SR EN 
25663-00. 
 
The evolution of the organic load concentration in the effluents of the two bioreactors is 
closely correlated with the evolution of the average diameter of microalgae-bacteria 
granules, the specific biomass concentration and the degree of diffusion of light in the 
reaction medium. At the same time, the experimental results revealed an excellent ability to 
simultaneously remove the charge in N-NH4 + without leading to the accumulation of 
oxidized forms (NO2-, NO3-) above the maximum admissible limits for discharges into 
natural emissaries. 
The microalgae-bacteria biomass quality indicators in the bioreactors have resulted in 
similar granular aerobic sludge in terms of sedimentation capacity and IVN. 

 
By constantly monitoring the structure of the grains taken from the two bioreactors 
during the course of the experimental studies (both in light field and phase contrast 
techniques, as well as laser scanning) it was possible to evaluate the structural 
evolution of granular biomass. For both bioreactors the granular structures varied 
between dense and compact and fluffy depending on variations in operating 
parameters and biomass concentration in the bioreactors. 
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Analysis of microalgae-bacterial structure taken from bioreactor A2 at the initial and 
final experimental phase  
 
Investigations have demonstrated differences between granules in A1 and A2 
bioreactors, highlighting the far superior diameters of granules in the A2 bioreactor 
were also validated by measurements of granule size variation using the 
Mastersizer. 

 

 
Microalgae-bacterial granule size distribution in the A1 (top) and A2 bioreactors (bottom) 
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Activity 2.2. Determination of kinetic parameters of the biological processes. 

Given the approach based on biological components of wastewater treatment process - 

mixed microalgae-bacteria granules, model components will be Microalgae (M), 

Autotrophic bacteria (A) and heterotrophic bacteria (H) as representatives of the biological 

component and three series of biochemical processes attached to them. In order to 

achieve the balance of each component and to obtain the corresponding differential 

equations, a series of functions and specific parameters will be defined and 

experimentally determined, especially those concerning exchange rates functions and 

process rates 

 

The main kinetic parameters of biological processes for simultaneous removal of organic 
load and nutrients from waste water include: Y - biomass production coefficient (ratio 
between biomass formed and substrate consumed), kd - endogenous decomposition rate 
(decomposed biomass during endogenous respiration reported on time), μmax the 
specific peak rate of growth, Ks - the semisaturation constant, qN - the specific nitrification 
speed and qD - the specific denitrification speed. 

 

 
Determination of Y and kd (A1) 

 

 
Determination of Y and kd (A2) 
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Monod type equations resulted from previous research as optimal for determining the effect 
of substrate concentration on the growth of nitrifying microorganisms. The effect of NH4 + 
and the concentration of dissolved oxygen on the rate of growth of nitrifying microorganisms 
(considering the limiting case of Nitrosomonas) can be described according to equation 4: 

 

𝜇𝑁 = 𝜇𝑁𝑚𝑎𝑥 [
𝑁𝐻4

+−𝑁

𝐾𝑁+𝑁𝐻4
+−𝑁

] [
𝑂𝐷

𝐾𝑂+𝑂𝐷
]    (4) 

Where: 

μN - the specific growth rate of nitrifying microorganisms, 
μmax - the maximum growth rate of nitrifying micro-organisms, 

K_N - semisaturation constant for NH4 +, 
OD - dissolved oxygen concentration, 

K_N - Oxygen semisaturation constant. 

 

The rate of ammonium oxidation is determined by considering the concentration of NH4 + 
-N reduced per hour per gram of SV. The values of qN (specific oxidation rates) obtained 
from the experimental determinations (1.74 mg / g / h for A1 and 1.33 mg / g / h A2) have 
values similar to those identified in the literature (1-3 mg / g / h). The ammonia oxidation 
rates resulted in the two cases: 2.51 * 10 -3 mg N / mg SV / h for A1 and 1.79 * 10 -3 mg N 
/ mg SV / h for A2. 

 
Activity 2.3. Results exploitation and dissemination 

The research team will work on disseminating the project results through conferences, 

journals and events. The project team members will prepare and submit articles to ISI 

indexed journals and will attend international scientific conferences in order to 

disseminate the project results to academic audiences. Newsletters containing the project 

activities evolution and significant achievements will be published on INCD ECOIND’s 

website. A dissemination report (D.7.) will be prepared (see dissemination section). 

 
Activity 3.3. Microorganisms networking - evaluation of intertrophic relationships: Mixed 

microalgae – bacteria granules are dense microbial consortiums (containing millions of 

microorganisms per gram of biomass) of various species (microalgae, bacteria, protozoa, 

metazoa, etc.) with various roles within the pollutants biodegradation processes. The 

phenomena that represents the base of activated algae granules biological processes will 

be investigated during this activity: nutrients exchange, metabolic dependencies, 



secretion of extracellular polymeric substances. Their biochemical particularities will be 

corroborated with morphological and structural particularities identified within activity 1.2. 

for evaluation of the physical / chemical / biochemical mechanisms that represent the 

base of granulation process. Knowing the cell-cell interactions (between the various 

microorganism species that are a part of the microalgae – bacteria granules) is the 

stepping stone for understanding intercellular relationship and implicitly a tool of 

enhancing the metabolic relations between them. 

Sludge samples were collected from the experimental bioreactors at different times during 
the proper operation of both optimal operating conditions - high efficient removal of 
pollutants and unsatisfactory / breakdown moments. 

Amplification reactions were performed on QuantStudio Flex 7 (Applied Biosystems) in the 
presence of the SYBR Green master mix PCR (Applied Biosystems). The blend is 
optimized for SYBR Green® reactions and contains SYBR® Green I fluorophore, 
AmpliTaq Gold® DNA polymerase, nucleotide blend (dNTP with dUTP), passive reference 
and optimized buffer components. Amplification reactions were performed in 96-well 
MicroAmp Optical Plate (Applied Biosystems) reaction plates at a total reaction volume of 
50 μL. The reaction mixture consisted of 25 μL of the SYBR Green master mix PCR mix, 
the oligonucleotide primer pair hybridizing with the 2 strands of the original sequence (used 
as a replication template) - the forward and reverse primers (100 nM each), the DNA- (70 
ng) and dilution water (nuclease free) (up to 50 μL). 

 

The microbiological diversity of the microalgae-bacteria granules in the experimental 
bioreactors (X, A1 and A2) indicates the abundant presence of photosynthetic 
microorganisms identified by universal chlorophyll amplicons. Those are positively 
influencing the removal of organic load and nutrients by providing the oxygen required for 
bacteria. 

 

 

Diversity and dynamics of photosynthetic microorganisms and the share of total 
microorganisms in bioreactor X 

 

10

15

20

25

30

35

x
 2

7
.0

3

x
 2

4
.0

4

x
 2

3
.0

5

x
 2

1
.0

6

x
 2

4
.0

7

x
 2

8
.0

8

x
 1

9
.0

9

C
T

 T
re

sh
o
ld

1drbcl

bisphosphate carboxilase

chlorophil

univ clorophite

Universal bacteria



 

Dynamics of gene abundance involved in nitrification, nitrification, synthesis of nitric oxide 
reductases corresponding to denitrifying heterotrophic microorganisms and PAO from 
microalgae-bacteria granules from bioreactor A2 

 

From the point of view of the bacterial population dynamics, microalgae-bacterial granules 
identified a composition similar to that of conventional active sludge and granular aerobic 
sludge, bacteria with specific genes encoding enzymes essential to nitrification-
denitrification processes or phosphorus-accumulating microorganisms, diversity and their 
distribution in the analyzed samples is primarily related to the presence / abundance of 
photosynthetic microorganisms, which proves metabolic interdependence. 

 

In conclusion, all activities planned in Phase 2/2018 and related objectives have been fully 
realized as well as the estimated results and dissemination of the results. 

• D.3. Characterization of the intertrophic relationships between microalgae-bacterial 
micro-organisms (stage 1/2018), by identifying nutrient shifts, metabolic dependencies 
between representatives of the two main classes of photosynthetic microorganisms and 
bacteria by means of quantitative (PCR) PCR analysis of genes involved in processes 
specific biological activities. 

• D.5. Operational parameters and process limiting factors, determined by laboratory tests, 
to assess the influence of operational parameters on the balance between microalgae and 
bacterial species in granules. 

• D.6. Kinetic parameters determined on the basis of experimental data (Y - biomass 
production coefficient, kd - endogenous decomposition rate, qN - specific rate of 
nitrification and qD - specific rate of denitrification) 

• D.7. Report on exploitation and dissemination 
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